Objective: To analyse cases of blood culture negative endocarditis (BCNE) seen at St Thomas ' Hospital, London, between 1975 and. Methods: Data on all episodes of endocarditis with negative blood cultures seen at St Thomas' Hospital between 1975 and 2000 were collected prospectively and analysed retrospectively. Results: Sixty three patients with BCNE were seen during the study period: 48 (76%) with native and 15 (24%) prosthetic valve infection. BCNE accounted for 12.2% of the 516 cases of endocarditis seen at St Thomas' Hospital. The diagnosis of endocarditis was clinically definite by the Duke criteria in only 21% (7 of 34) of cases of pathologically proven native valve endocarditis but in 62% (21 of 34) of cases by the St Thomas' modifications of the criteria. Comparable figures for the 11 cases of pathologically proven prosthetic valve endocarditis were 45% and 73%. Despite negative blood cultures a causative organism was identified in 31 (49%) of the 63 cases: in 15 by serology (8 Coxiella burnetii, 6 Bartonella species, and 1 Chlamydia psittaci); in 9 cases by culture of the excised valve; in 3 by microscopy of the excised valve, on which large numbers of Gram positive cocci were seen although the culture was sterile; and in the other 4 by isolation from a site other than the excised valve (2 respiratory specimens, 1 from the pacemaker tip, and 1 from an excised embolus). In addition 5 of the 6 cases of Bartonella infection were confirmed by polymerase chain reaction study of the excised valve. Two thirds of the 32 patients for whom no pathogen was identified had received antibiotics before blood was cultured. Thus truly "negative" endocarditis was very uncommon (6% of the cases). Conclusion: If blood cultures are negative in definite or suspected endocarditis, serum should be analysed for Bartonella, Coxiella, and Chlamydia species antibodies, and the excised valve or (rarely) embolus should be analysed by microscopy, culture, histology, and relevant polymerase chain reaction. Other specimens may be relevant. The Duke criteria performed poorly in BCNE; St Thomas' additional minor criteria gave more definite diagnoses.
B
lood culture negative endocarditis (BCNE) was recognised by Osler at the beginning of last century. 1 The three last published series of BCNE date from 1979 2 when organisms such as Coxiella and Bartonella species were not recognised causes of BCNE, from 1995, 3 where diagnostic Duke criteria 4 were not fully discussed nor Bartonella mentioned, and from 2001, 5 where Bartonella investigation is not mentioned. We present 63 cases with reference to these new aetiological agents and assess the 1994 Duke criteria, their later modifications, 6 and our 1997 proposed modifications 7 in BCNE.
METHODS
Data on all episodes of endocarditis with negative blood cultures seen at St Thomas' Hospital between 1975 and 2000 were collected prospectively and analysed retrospectively. The demographic aspects of the series, clinical, microbiological, and echocardiographic data, as well as diagnostic criteria and outcome, were studied. Patients were assessed by the clinical criteria defined by Durack and colleagues 4 (box 1) and by proposed modifications (St Thomas) (box 2). Additional modifications by Duke 6 are summarised and are discussed in the analysis of the 34 pathologically proven cases of native valve endocarditis (NVE). Results are expressed as mean (SD) when appropriate or as percentages. Statistical analyses were performed by use of SPSS for Windows (SPSS Inc, Chicago, Illinois, USA).
In 2000, Li and colleagues 6 proposed the following modifications to the Duke criteria:
• Elimination of echocardiographic minor criteria caused by the widespread use of transoesophageal echocardiography (TOE) • Considering bacteraemia caused by Staphylococcus aureus a major criterion regardless of whether the infection is nosocomially acquired or a removable source of infection is present • Recommending that Q fever serology be a major criterion.
RESULTS
There were 48 cases of blood culture negative NVE, involving 31 male patients and 17 female patients. Their mean age was 54 (17) years. Twenty nine patients were referred from other hospitals ( 60%). Eleven male and four female patients had prosthetic valve endocarditis (PVE) with a mean age of 53 (18) years. Eight (53%) were referred from other hospitals. Forty three of the 63 patients presented between 1990 and 2000.
Affected valves
The mitral valve was affected in 13 of 48 patients with NVE (27%), the aortic in 22 (46%), and both in 6 (13%). The tricuspid valve was affected in six patients (13%) and one had aortic, mitral, and tricuspid involvement (2%). In PVE, the mitral valve was involved in six cases (40%), the aortic in eight (53%) and both in one (7%). Seven patients had early PVE (less than one year from surgery) and eight had late PVE.
Organisms
Blood cultures were negative in all 63 cases but in only 32 (51%) was no causative organism found. Table 1 shows organisms and diagnostic studies. All Bartonella species detected by serology were also grown or identified by polymerase chain reaction (PCR) of valve material from 1995 onwards. Twenty two of the 32 (69%) patients for whom no organisms were identified had been given antibiotics before blood samples were drawn. Table 2 shows cardiac and non-cardiac conditions known to predispose to endocarditis. Six of 36 patients (17%) who had Gram positive cocci seen or grown in sites other than blood (n = 4) or did not have any identifiable organism (n = 32) had poor dentition or recent dental work. Two of the five patients with Coxiella burnetii endocarditis lived on farms and one frequently ate goat's milk and soft cheeses. The patient with Chlamydia psittaci endocarditis kept racing pigeons. The patient with Bartonella henselae endocarditis kept cats that had recently had fleas. The patient with Bartonella berkhoffii had contact with dogs, pigs, and a cockerel. Two of the three patients with Bartonella quintana "lived rough"; the third did not but kept birds. Table 3 presents the main clinical features. The duration of symptoms was 7 (6) weeks for the 34 cases of known NVE and 7 (4) weeks in the 12 cases of PVE.
Predisposing conditions

Clinical features
Echocardiography
Forty one of the 48 patients (85%) with NVE had transthoracic echocardiograms (TTE) and 8 (17%) had TOE. TTE showed major criteria for endocarditis in 32 patients (78%) and minor criteria in 8 (20%) and was non-contributory in just one case. TOE showed major criteria in two cases where TTE was unhelpful. Thirteen of the 15 patients with PVE had TOE (87%); of these, 10 (77%) met major criteria for endocarditis (four had abscess). One TOE showed only a minor criterion and two were non-contributory.
Complications Table 4 lists the complications.
Surgery and mortality
Thirty six of the 48 patients with NVE had surgery (75%), of whom 33 survived (92%). Three of the six patients who did not have surgery died. Causes of death in these patients were pancreatic carcinoma, sudden arrest on admission, and heart failure. Two of the three patients who had surgery and died had unrelated causes of death and one died in the operating theatre. Overall mortality in BCNE affecting native valves was 6 of 48 (12.5%) and mortality directly related to surgery was 1 of 36 (3%). Thirteen of the 15 patients with BCNE affecting prosthetic valves had surgery (87%), of whom two died (15%) of cardiac causes. Both had early PVE (one and two months, respectively) and had emergency valve replacements (one aortic valve and one mitral valve). Two patients with PVE did not have surgery and survived: one was 43 years old, had had a prosthetic aortic homograft for seven months, and was cured after two weeks of receiving benzylpenicillin plus gentamicin; the other was 81, had had an aortic prosthesis for nine years, and had C burnetii endocarditis. He received doxycycline and rifampin for many months and died of unrelated causes. His antibody titre was still positive when last checked. Surgical mortality in the PVE group was 2 of 13 (15%) and overall mortality 2 of 15 (13%).
Analysis of diagnostic criteria in 34 cases of pathologically proven BCNE affecting native valves Diagnosis of infective endocarditis was pathologically proven in 34 cases: 19 by macroscopic surgical findings, 13 by excised valve histology, and 2 by histopathology of valves at postmortem examination.
The clinical diagnosis of endocarditis was definite according to the Duke criteria in 7 (21%) of the 34 cases, and all were based on one major and three minor criteria. Our modifications of the Duke criteria 7 upgraded probable cases to definite by adding one or more minor criteria to the 14 cases with one major and two minor criteria. In 7 only one criterion was added (erythrocyte sedimentation rate or C reactive protein), in 1 case two criteria were added, in 5 cases three or more criteria were added, and in 1 case four minor criteria were added. These minor criteria were splenomegaly (3), haematuria (4), clubbing (2), splinters (2), rash (1), petechiae (2), and purpura (1) (table 5).
If we consider Duke's modifications of their criteria, 6 11 of 34 cases would be definite (32%). These 4 new definite cases would be based on considering Coxiella serology a major criterion. All 4 of these cases were upgraded by St Thomas' modifications based on minor criteria.
DISCUSSION
These 63 cases of BCNE constituted 12.2% of all cases of endocarditis seen in St Thomas' Hospital between 1975 and 2000. This accords with reported rates of between 3-23%. [8] [9] [10] [11] [12] [13] [14] [15] [16] However, in only 6% of our 63 cases did we fail to detect a causative organism, which suggests that truly negative infective endocarditis is an uncommon diagnosis. In common with other series 2 15 two thirds of our patients in whom Gram positive cocci were seen or grown from sites other than blood (valves, sputum, embolus, or pacemaker wire tip) had received antibiotics, suggesting a staphylococcal or streptococcal cause. Serology to detect antibodies to Gram positive cell walls and broad range PCR on valve material were not performed, but these investigations might have confirmed the identity of the causative pathogen. [17] [18] [19] [20] [21] PCR amplification of specific gene targets and universal rRNA loci for bacteria and fungi has been done in blood, as well as in valve material from patients with endocarditis, 20 and might have contributed to diagnoses in our series. No studies were done for Tropheryma whippelii, another well described cause of BCNE. 22 The administration of antibiotics, especially aminoglycosides, also influences isolation of Bartonella species from blood and valve cultures, 23 but our cases of Bartonella endocarditis were diagnosed by serology or PCR of the excised valve, which have higher sensitivity. Nearly one quarter of our cases of BCNE were caused by "atypical" bacteria: C burnetii (8 of 63), Bartonella species (6 of 63) and C psittaci (1 of 3) . This is in contrast to the last published series of BCNE where no positive serological results were seen for Coxiella, Legionella or Chlamydia species (Bartonella serology was not done). 5 Although cross reaction of Bartonella antibodies with Chlamydia antibodies is described, 24 our patient with Chlamydia antibodies had a strong epidemiological link to Chlamydia organisms, as he kept racing pigeons. C burnetii and Bartonella species are well recognised causes of BCNE, [25] [26] [27] [28] [29] [30] [31] and it is estimated that Bartonella species cause 3% of all cases of infective endocarditis. Four of our 63 cases (6%) were caused by fungi ("yeast" 1, Aspergillus species 2, Histoplasma capsulatum 1). This last case has been published. 32 The sensitivity of blood culture in fungal endocarditis was 54% in a review of 270 cases of fungal endocarditis, but fungi caused less than 10% of cases of endocarditis overall. 33 Prosthetic valves and bicuspid aortic valves were the most frequently infected in our series (24% and 15%, respectively), which is in contrast to the series reported by Pesanti, 2 with 52 cases of BCNE, in which 50% of the patients had rheumatic heart disease and only 8% had prosthetic valves. Bicuspid aortic valves were not specifically mentioned but they were the most common cardiac locations of NVE in two recent series. 7 11 34 Seventeen per cent of patients did not have fever, which is a higher incidence than usually reported with positive blood cultures 6 8-11 but is similar to that of 19% reported by Hoen and colleagues. 3 This may be the result of previous administration of antibiotics. Patients with Coxiella and Bartonella endocarditis are likely to present with low grade or no fever. [25] [26] [27] [28] The complications and mortality are similar to recently published series of blood culture positive NVE and PVE. 7 9-12 However, when comparing our series with a recently published series of BCNE, 5 our rate of severe complications such as heart failure and valvar regurgitation was less (50% v 78%); the rates of major embolic events (cerebral and pulmonary) were similar (29% v 34.4%). The sensitivity of echocardiograms for the diagnosis of endocarditis is similar to that of positive blood cultures. 6 8-11 TTE showed a major criterion for endocarditis in 78% of our cases involving native valves; few of these patients had TOE. This is in contrast with our cases of BCNE involving prosthetic valves, where 13 of 15 patients had TOE, which showed major criteria in 78%. TOE is superior to TTE in diagnosing endocarditis in the subgroup of patients with negative blood cultures, as has been shown by Kupferwasser and colleagues 5 studying 32 cases of native valve BCNE, and we agree it ideally should be performed in all of these patients.
Analysis of patients with negative blood culture by the Duke criteria shows that these criteria perform poorly in such patients, which is not surprising since blood culture positivity is a major criterion. This was also shown by Habib and colleagues 15 where 22 of 93 patients with pathologically proven infective endocarditis were misclassified as possible by the Duke criteria. Twenty one of the 22 patients in this series had negative blood cultures and 19 had one major and two minor criteria. In our series, the Duke criteria diagnosed only 21% of the pathologically proven native valve cases as definite, whereas the St Thomas' modifications diagnosed 64% (p < 0.05). This was achieved by the addition of one or more minor diagnostic criteria. It has been previously proposed that serology for Coxiella species be considered a major criterion for infective endocarditis. 14 If we use Duke's modifications of the Duke criteria 6 we would identify only 32% of pathologically proven native valve blood culture negative cases in the present series. It is our experience and that of others (Raoult D, 9th International Congress on Infectious Diseases, Buenos Aires) that rapidly developing clubbing and splenomegaly are common findings in patients with Coxiella and Bartonella deep seated infections such as endocarditis, and these features should be considered in the diagnostic criteria for endocarditis (as they were in the Beth Israel criteria). It may be argued that the Duke criteria would have performed better in the present study if TOE had been performed in all the patients, but as has already been pointed out, TOE was done in most PVE cases (13 of 15). TTE performed well in the NVE subset (78% major criteria detected).
In summary, BCNE may be a diagnostic dilemma but in many cases the causative pathogen can be determined. It is important to elicit a history of any previous antibiotic that the patient has taken; serum should always be analysed for antibodies to organisms that cannot be cultured by routine methods such as C burnetii, Bartonella, and Chlamydia species, and if available for antibodies to Gram positive bacterial cell walls; and excised valves or vegetations or other relevant material should undergo microscopy, culture, histopathology, and relevant PCR analysis. Lastly, it should be noted that the Duke criteria and their modifications are unsatisfactory because the yield few definite clinical diagnoses. They require amendments to accept serology for organisms besides Coxiella species as a major criterion and they should incorporate additional minor criteria, as has already been suggested. confirming the diagnosis of primary antiphospholipid syndrome.
The patient was initially managed with high intensity anticoagulation, but failed to improve on clinical or echocardiographic criteria, and therefore surgical resection of the mass was performed. Histopathological analysis of the mass confirmed old and recent thrombus undergoing organisation from the base and infiltrated by reactive macrophages. This case highlights the need to screen all patients with intracardiac masses of unknown aetiology for prothrombotic disorders.
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